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Transthoracic and transesophageal echocardiography was
performed in 23 consecutive adult patients with an atrial
septal aneurysm. In three patients with a cerebrovascular
event the diagnosis was established by the transesophageal
approach only. Interatrial shunting on transthoracic imago
ing with use of echocardiographic contrast imaging or
Doppler color mapping, or both, was detected in 7 (41 %) of
17 patients. On performing contrast imaging in combina·
tion with color flow mapping during transesophageal echo·
cardiography, positive shunting was demonstrated in 15
(83%) of 18 patients. Echocardiographic identification of
multiple fenestrations (n =4) and thrombus within the
aneurysm (n = 2) could be achieved for the first time by
transesophageal ultrasound application.
Cerebrovascular events occurred in 12 (52%) of 23
patients and were regarded as being definitely thromboem-
bolic in 10 (43%); 8 (67%) of the 12 patients had repeated
Aneurysm of the interatrial septum is an uncommon lesion,
It may be associated with congenital or acquired cardiac
abnormalities, but has also been described in adults as an
isolated incidental finding. Since one of the first reports of
atrial septal aneurysm by Lang and Posselt (I) in 1934.
autopsy studies (2-4) with increasing numbers of cases have
appeared. The first in vivo diagnosis was made by angiogra-
phy (5-8). With the availability of two-dimensional echocar-
diography, noninvasive diagnosis of this lesion can easily be
achieved and atrial septal aneurysm has been reported
(9-17) more frequently in recent years.
From the Medical Clinic II and Department of Neurology. S1. Georg
Hospital. Hamburg and the *Medical Clinic I. Rheinish-Westfalische Tech-
nische Hochschule. Aachen. Federal Republic of Germany.
Manuscript received November 20. 1989: revised manuscript received
March 21. 1990. accepted April II. 1990.
Address for reprints: Birke Schneider. MD. Medical Clinic II. S1. Georg
Hospital. Lohmuehlenstrasse 5. 2000 Hamburg I. Federal Republic of Ger-
many.
© 1990 by the American College or Cardiology
cerebral events. Except for mitral valve prolapse in one
patient, no other potential cardiac source of embolism
could be identified despite the use of transesophageal echo-
cardiography. A thickening of the aneurysmal membrane
~5 mm was found in 9 (75%) of 12 patients with versus 3
(27 %) of 11 patients without a cerebrovascular event (p <
0.05); this proved to be the only significant difference
between the two patient groups. The mechanism of embo-
lization may be both primary thrombus formation within
the aneurysm and paradoxic embolization through an in-
teratrial communication as demonstrated by the findings in
two patients.
It is concluded that atrial septal aneurysm is a cardiac
abnormality with thromboembolic potential. In patients
with this lesion and a history of an embolic event, long-term
anticoagulant therapy is indicated.
(J Am Coil CardioI1990;16:1000-9)
Since the earliest recognition of cerebral or systemic
embolization associated with atrial septal aneurysm in
adults. scattered reports (6.15-25) of these findings have
appeared. The highest prevalence of thromboembolic events
was demonstrated by Belkin et al. (17.23). All of their
patients with definite or possible embolism had positive
interatrial shunting by contrast echocardiography and, there-
fore. paradoxic embolization was suggested as the cause of
embolic events. In single cases, a thrombus within an atrial
septal aneurysm has been observed at autopsy (4) and at
surgical resection (6). However. there has been no report of
an echocardiographically recognized thrombus in an atrial
septal aneurysm (15-17.23),
There is no doubt that transesophageal echocardiography
is superior to the transthoracic approach in visualizing the
interatrial septum in adults (26). The present report de-
scribes the echocardiographic and clinical characteristics of
23 consecutive patients with an atrial septal aneurysm in
whom transthoracic and transesophageal echocardiography
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were performed. The aims of this study are to 1) determine
whether transesophageal imaging can improve the morpho-
logic characterization of this lesion in terms of shunt detec-
tion or thrombus formation, 2) assess the relation of these
findings to the occurrence of embolic events, and 3) rule out
other left atrial abnormalities with embolic potential.
Methods
Study patients. This study was a retrospective review of
23 patients with atrial septal aneurysm consecutively identi-
fied over a 29 month period between March 1987 and July
1989. There were II women and 12 men with a mean age of
54 years (range 26 to 78). In all 23 patients, both transtho-
racic and transesophageal echocardiography had been per-
formed. The diagnosis of atrial septal aneurysm was estab-
lished by transthoracic imaging in 20 patients among 12,137
examinations performed (recognition rate 0.16%). Among
765 transesophageal studies, 23 patients with atrial septal
aneurysm were identified (prevalence 3%): 113 of the trans-
esophageal examinations were done because of suspected
thromboembolic stroke, and 12 of these patients were diag-
nosed as having an atrial septal aneurysm (prevalence 11%).
Definition of atrial septal aneurysm. To exclude an abnor-
mally mobile. redundant, so-called floppy atrial septum for
diagnosis and classification of true atrial septal aneurysm,
the following strict criteria modified according to Hanley et
al. (15) were used. An aneurysm was considered to be
present if I) the fossa ovalis region showed a bulging 2: 15
mm beyond the plane of the atrial septum or >15 mm phasic
excursion during the cardiorespiratory cycle, and 2) the base
of the aneurysm was 2: 15 mm in diameter.
Echocardiographic studies. Transthoracic and trans-
esophageal echocardiography were performed in all routine
transducer positions with use of a Hewlett-Packard n020A
ultrasonograph with a 2.5 MHz phased array transducer and
a 5 MHz echoscope. All images were recorded on VHS
videotape and reviewed in frame to frame analysis by two
independent observers. On examination of the first two
patients, Doppler color flow mapping was not available with
the echoscope used at that time.
Echocardiographic contrast studies \1we performed in 19
patients during transesophageal echocardiography by inject-
ing 5 to 10 ml of agitated gelatin solution into an antecubital
vein. A shunt was defined as the appearance of contrast
medium in the left atrium within three to four beats of its
appearance in the right atrium. If no positive left atrial
contrast medium could be detected during normal respira-
tion, the study was repeated with the patient performing the
Valsalva maneuver and subsequently a cough test.
The follmving echocardiographic findings on transtho-
racic and transesophageal imaginR were considered to rep-
resent potential cardiac sources of arterial embolism:
thrombus formation within the left atrium, left atrial append-
age and left ventricle, spontaneous echo contrast within the
left atrium (27) and left ventricle (28), left ventricular aneu-
rysm, mitral stenosis, infective endocarditis, prosthetic car-
diac valve, massive mitral anulus calcification, mitral valve
prolapse and atrial myxoma (29).
Arrhythmias. The diagnosis of premature atrial and ven-
tricular complexes, paroxysmal supraventricular tachycar-
dia and intermittent atrial fibrillation was based on a 24 h
Holter electrocardiographic recording in 13 patients, 8 of
whom had a clinical history of arrhythmia.
Embolic events. Patient charts were reviewed for evi-
dence of cerebrovascular or peripheral embolic events.
Cerebrovascular events were classified as being embolic in
origin by clinical and computed tomographic morphologic
criteria (29,30). In two patients, multiple small lacunar
infarcts were diagnosed by nuclear magnetic resonance
imaging (31) and were considered probably embolic events
(31-33). Cerebral angiography was not performed in any of
the patients. Atherosclerotic risk factors were regarded as
positive if two or more of the following findings were
present: hypertension, diabetes mellitus, hyperlipidemia,
smoking and overweight.
Statistical analysis. The chi-square test was used for
statistical analysis. A p value <0.05 was considered signifi-
cant.
Results
Indications for echocardiography (Table 1). The indica-
tion for performing echocardiography was a cerebrovascular
event of suspected embolic origin in 12 (52%) of 23 patients.
Five patients were examined because of arrhythmia and, in
six patients. the study was done for other reasons.
Associated cardiac findings (Table 1). Mitral valve pro-
lapse was present in five patients and mitral and tricuspid
valve prolapse were observed in one. Three patients had
mild mitral regurgitation. A small secundum atrial septal
defect and coronary artery disease were found in two
patients each. In 13 of the 23 patients, atrial septal aneurysm
was the only detectable cardiac abnormality. Nine of the 12
patients with a cerebrovascular event had no clinical evi-
dence of heart disease or arrhythmia.
Echocardiographic findings. In three patients with a cere-
brovascular event (Cases 17, 20 and 23), the aneurysm could
be diagnosed only by transesophageal echocardiography,
because of obesity in two and mechanical ventilation in one.
On transesophaReal imaging, the fossa ovalis region
normally is a thin linear structure :-:;2 mm. Atrial septal
aneurysm may present as a thin outpouching of the fossa
ovalis. In some patients, the aneurysmal membrane appears
markedly thickened and may show structural inhomogeneity
with surface irregularities (Fig. I). Thickening of the aneu-
rysm of 2:5 mm (mean 7.2. range 5 to 8), either homogeneous
or localized, was found in 12 of the 23 patients; II patients
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Table 1. Clinical Characteristics of 23 Consecutive Patients With an Atrial Septal Aneurysm
Case Age (yr)1 Echo Associated
TEE Findings of ASA
Other Embolic
No. Gender Indication Clinical History Cardiac Findings Shunt Thrombus Thickening 2::5 mm Source
Patients Without a Cerebrovascular Event
26/F DVT DVT under oral None +
contraceptive,
ARF-
2 391M Arrhythmia ARF- MVP, PAC. +(MF) + MVP
intermittent AF,
PVC
67/F CAD Previous MI, CAD +
CABG,ARF+
4 75/M Arrhythmia ARF- MVP, TVP, PAC, + MVP
PSVT, PVC
5 62/M ASD Myocarditis, Small ASD, RBBB, +(MF)
arrhythmia, PAC, PVC
ARF-
6 53/M Suspected ARF- None +
arrhythmia
7 56/F Preoperative ARF- None +
8 73/F Arrhythmia Syncope during MVP, mild MR, + MVP
PSVT, ARF- PAC, PSVT,
PVC
9 68/F Arrhythmia Dyspnea, ARF- CM, pericardial +(MF) + MVP
effusion, MVP,
small ASD,
intermittent AF,
PVC
10 72/M Preoperative Cancer, ARF- Mild MR, Chiari +
network
II 32/F Suspected ARF- None
CAD
AF = atrial fibrillation; ARF + and - = atherosclerotic risk factors positive and negative, respectively; ASA = atrial septal aneurysm; ASD = atrial septal
defect; CABG = coronary artery bypass graft; CAD = coronary artery disease; CCT =cerebral computed tomography; CM =cardiomyopathy; CUS = carotid
ultrasound; CVE = cerebrovascular event; DVT = deep vein thrombosis; ECHO = echocardiographic; F = female; IN = inconclusive; M = male; MCI =
multiple cerebral infarcts; MF = multiple fenestrations; MI = myocardial infarction; MR = mitral regurgitation; MRI = nuclear magnetic resonance imaging;
had an aneurysm of thin appearance. Of the five patients
with nonmyxomatous mitral valve prolapse, three had a
thickened and two had a thin aneurysm.
Atrial shunting. Detection .of an atrial shunt by transtho-
racic echocardiography with use of contrast echocardiog-
raphy or Doppler color flow imaging, or both, was possible
in 7 (41%) of 17 patients. A positive shunt was found in 2 of
7patients with and in 5of IO without a cerebrovascular event
(p = NS). On transesophageal echocardiography, atrial level
shunting could be detected in 17 (77%) of 22 patients. A
positive shunt was present in 8 of II patients with and 9 of II
without a cerebrovascular event (p = NS). Thus, atrial
septal aneurysm seems to have a frequent association with
an interatrial communication. Neither transthoracic nor
transesophageal echocardiography could identify patients at
increased risk for an embolic event.
During the transesophageal study, in 18 patients both
Doppler color flow mapping and echocardiographic contrast
imaging were performed. Doppler color flow mapping
showed a positive shunt in 12 patients. With contrast imag-
ing, an interatrial shunt could be demonstrated in three
additional patients. Thus, echocardiographic contrast imag-
ing seems to be more sensitive than color flow mapping in
detecting atrial level shunting; this may be explained by the
atypical and rapidly changing jet direction within the bulging
aneurysmal membrane during each cardiac cycle.
Multiple fenestrations within the aneurysm could be
demonstrated only by transesophageal echocardiography in
four patients; two patients showed two and two patients
showed three fenestrations. In all patients, the fenestrations
were seen by Doppler color flow mapping, demonstrating a
right to left and left to right shunt during the cardiac cycle
(Fig. 2). In three of four patients, the fenestrations could be
visualized by positive and negative echocardiographic con-
trast study as well. Two patients had a small, oximetry-
detected, secundum atrial septal defect with a left to right
shunt of 15% and 18%, respectively. In both patients, three
fenestrations were present (two larger fenestrations located
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Table 1 (continued)
Associated
TEE Findings of ASA
Other
Case Age (yr)1 Echo Neurologic Cardiac Thickening Embolic
No. Gender Indication Clinical History Presentation CUS CCT MRI Findings Shunt Thrombus ~5 mm Source
Patients With a Cerebrovascular Event
12 53/M CVE Previous MI. Bilateral TIA NL NL x2 NA CAD t(MF) t
hemolytic
anemia, DVT and
PE post·
splenectomy.
ARF-
13 43/M CVE ARFt Bilateral TIA NL x2 NL x2 NA None t
14 27/F CVE ARF- Bilateral TIA NL NL x2 NA None NA t
15 78/M CVE PM because of Bilateral TIA NL x2 POS NA PM, MVP, t MVP
heart block. mild
ARF- MR,
TVP
16 54/F CVE ARF- TIA NL POS NA None t
17 57/F CVE Arrhythmia, severe TIA NA NA NA PAC. t t t
obesity, marked PVC
varicosis.
recurrent emboli
to mesenteric,
splenic and both
femoral arteries.
ARFt
18 40/F CVE ARF- Stroke POS POS NA None t
19 55/F CVE ARF- Bilateral stroke NL x3 POS x3 NA None t t
x3
20 5liM CVE ARFt Bilateral stroke NA POS x2 NA None t t
21 56/F CVE ARF- Stroke NL POS NA None t
22 66/M CVE ARF- Psychomotor NL IN MCI None t t
and grand
mal seizures
23 47/M CVE ARFt Lack of NL IN MCI None t t
concentration.
insomnia.
intermittent
left limb
weakness
MVP = mitral valve prolapse; NA = not applicable; NL = nonnal; PAC = premature atrial complexes; PE = pulmonary embolism; PM = pacemaker;
POS = positive finding; PSVT = paroxysmal supraventricular tachycardia; PVC = premature ventricular complexes; RBBB = right bundle branch
block; TEE = transesophageal echocardiographic; TIA = transient ischemic attack; TVP = tricuspid valve prolapse; + = positive; - = negative.
more at the margins and one tiny peIforation located at the
maximal convexity of the aneurysm).
Thrombus formation. In two patients, a thrombus that
had not been detected on the transthoracic examination
could be verified within an atrial septal aneurysm by trans-
esophageal echocardiography.
In one patient (Case 17) with a transient ischemic attack
and recurrent systemic embolism, a highly mobile thrombus
could be seen on both the right and the left atrial side of the
aneurysm (Fig. 3). This patient had a patent foramen ovale,
so the thrombus may have been overriding the interatrial
septum, although this could not be demonstrated clearly
because of the large movements of the aneurysm during the
cardiac cycle. This case may be regarded as an example of
paradoxic embolization.
In the second patient, who had bilateral stroke (Case 20),
a thrombus was attached to the left atrial side of the
aneurysm. Atrial level shunting could not be detected by
Doppler color flow mapping and echocardiographic contrast
imaging. This case may represent an example of primary
thrombus formation within an atrial septal aneurysm as the
source of embolic events.
Cerebrovascular events (Table 1). Twelve (52%) of the 23
patients had a cerebrovascular event that was classified on
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Figure 1. Early systolic frames of atrial septal aneurysm on trans-
esophageal imaging in two patients. The aneurysmal membrane
(arrows) may be of thin appearance (left panel, Case 5) or may show
athickening of ~5 mm (right panel, Case 14). AO = aortic valve; LA
= left atrium; RA = right atrium.
clinical grounds as definitely embolic in 10 patients (43%).
Six patients presented with a transient ischemic attack; two
of these had a positive cerebral computed tomographic scan.
In three patients (Cases 12 to 14) with bilateral transient
ischemic attacks 3 days to 17 months apart. the scan was
normal on both occasions. In one patient (Case 17) with a
transient ischemic attack and recurrent embolism to mesen-
teric, splenic and both femoral arteries. computed tomogra-
phy was not performed. All four patients with a complete
stroke had positive findings on the computed tomographic
scan.
In two patients with a probable embolic event (Cases 22
and 23), cerebral computed tomography gave inconclusive
results, but nuclear magnetic resonance imaging showed
multiple small deep cerebral infarcts and, therefore. the
patients were referred for echocardiography.
Carotid ultrasonography was performed in 10 of 12
patients and results were normal in all but I (Case 18). In this
patient with a complete stroke, the hemorrhagic territory
infarct involved a different vascular location from that sug-
gested by ultrasonography of the carotid artery.
Eight (67%) of the 12 patients had recurrent cerebrovas-
cular events: 5 patients had two and I patient had three
events. Two additional patients presented with a multi-
infarct syndrome on nuclear magnetic resonance imaging.
The mean time to recurrence was 20 months (range 3 days to
49 months; seven events in six patients). In all patients,
echocardiography had been performed only after the second
event. In three patients, the cerebrovascular event occurred
while they were receiving therapy with aspirin.
Clinical and transesophageal echocardiographic data in
relation to cerebrovascular events (Table 2). The data from
II patients without and 12 patients with a cerebrovascular
event were compared. The mean age was not significantly
different in the two groups (57 versus 52 years, respectively).
Atherogenic risk factors were present in I of II patients
without versus 5 of 12 patients with a cerebrovascular event
(p = NS). Four of the five patients with a cerebrovascular
event and positive risk factors were overweight. which is a
risk factor for both atherosclerosis and venous thromboem-
bolism. Intermittent atrial fibrillation that may predispose to
thrombus formation within the left atrium was found only in
two patients from the group without a cerebrovascular event
(p = NS). There was no difference between the two groups
with regard to dimensions of the atrial septal aneurysm,
including maximal diameter, maximal protrusion and maxi-
mal excursion of the membrane. Mitral valve prolapse,
which may be related to stroke in young adults, occurred in
4 of II patients without versus I of 12 patients with a
cerebrovascular event (p = NS). Other potential sources of
JACC Vol. 16. No.4
October 1990: 1000-9
SCHNEIDER ET AL.
ESOPHAGEAL ECHOCARDIOGRAPHY OF ATRIAL SEPTAL ANEURYSM
1005
*Mean values. ASA = atrial septal aneurysm; Max = maximal.
Table 2. Clinical and Transesophageal Echocardiographic Data
From 23 Patients With an Atrial Septal Aneurysm
thromboembolism could not be detected in any of the
patients. Shunting at the atrial level was not significantly
different for the two groups. In 1 of the 12 patients with a
cerebrovascular event, neither Doppler color flow mapping
nor contrast echocardiography had been performed during
transesophageal echocardiography. MUltiple fenestrations
were present in 3 of the 11 patients without and 1 of the 11
with a cerebrovascular event (p = NS). A thrombus within
Negative Positive
Cerebrovascular Cerebrovascular
Event (n = 11) Event (n = 12) p Value
Discussion
Findings on transesophageal echocardiography. From our
data, it is concluded that transesophageal echocardiography
is superior to the transthoracic approach for morphologic
characterization of an atrial septal aneurysm. The technique
improves the detection rate of this lesion and allows identi-
fication of multiple fenestrations as well as thrombus forma-
tion within the aneurysm.
The recognition rate ofatrial septal aneurysm by conven-
the aneurysm could be visualized only in two patients with
recurrent embolism (p = NS).
Thickening of the atrial septal aneurysm :::0:5 mm was
present in 9 (75%) of 12 patients with versus only 3 (27%) of
11 without a cerebrovascular event (p < 0.05). Of the three
patients with a cerebrovascular event and an aneurysm of
thin appearance. all had a positive interatrial shunt. The two
patients with a multi-infarct syndrome on nuclear magnetic
resonance imaging had both a thickened aneurysmal mem-
brane and evidence of an interatrial communication.
Figure 2. Case 5. Transesophageal color flow image of atrial septal
aneurysm. Left panel. Early systolic frame demonstrating a right to
left shunt at two sites of the aneurysmal membrane (arrows). Right
panel, Early diastolic frame showing a left to right shunt at two
locations (arrows). Abbreviations as in Figure I.
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
P < 0.05
52 (27-78)
5/12
0/12
23
14
24
1/12
0/12
8/11
1/11
2/12
9/12
57 (26-75)
1/11
2/11
24
15
23
4/11
O/l!
9/11
3/11
0/11
3/11
Mean age (rangel (yr)
Atherogenic risk factors
Atrial fibrillation
ASA diameter (mm)*
Max protrusion (mml*
Max excursion (mm)*
Mitral valve prolapse
Other cardiac embolic source
Positive atrial shunting
Multiple fenestrations
Thrombus within ASA
Thickening of ASA ",5 mm
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tionaI two-dimensional echocardiography has varied be-
tween 0.12% and 0.57% (14,21-24) and was 0.22% in the
largest prospective study (15) reported to date. These data
correspond closely to the prevalence of 0.16% observed in
our study patients. In 3of the 23 adult patients, transthoracic
imaging was inadequate and the aneurysm could be diag-
nosed only by transesophageal echocardiography as previ-
ously described (16,25). Among all transesophageal studies
performed in our laboratory, the prevalence of atrial septal
aneurysm was 3%, which is in accordance with the 2.1 %
previously reported (16).
The association of atrial septal aneurysm with an inter-
atrial communication has been reported frequently in au-
topsy series (1-4,34-36) and in patients treated surgically
(6,11,15,23,37,38). Earlier studies (12-14,21,37,39,40) using
contrast echocardiography failed to detect atrial level shunt-
ing, whereas Belkin et al. (17,23), applying more aggressive
contrast methods, found a 90% prevalence of shunting in
atrial septal aneurysm. On performing contrast echocardiog-
raphy during transesophageal imaging, the present study
revealed atrial level shunting in 83% of the patients. Multiple
fenestrations within an aneurysm have to date been ob-
served only at surgery (6,11,23,37,38) or autopsy (1,4,35,36)
and could not be identified by transthoracic ultrasound
Figure 3. Case 17. Atrial septal aneurysm with a patent foramen
ovate detected by Doppler color flow imaging. A highly mobile
thrombus (arrows) can be seen extending from the right atrial side
(left panel) to the left atrial side (right panel) of the aneurysm.
Abbreviations as in Figure I.
(23,41). This report gives the first echocardiographic descrip-
tion of these lesions by the transesophageal imaging tech-
nique. Multiple fenestrations could be visualized in four
patients with both Doppler color flow mapping and echocar-
diographic contrast imaging. The location of the larger
fenestrations at the margins and the small perforations at the
convexity of the aneurysm is in accordance with autopsy
findings (4).
Thrombotic material within an atrial septal aneurysm has
been described at necropsy (4) and operation (6), but the
identification of an aneurysm-related thrombus by conven-
tional two-dimensional echocardiography has not been re-
ported. From an esophageal transducer position, however,
in two patients in this study, a thrombus within the aneurysm
could be diagnosed for the first time by echocardiography.
Both patients were referred because of recurrent embolic
events.
Relation of atrial septal aneurysm and cerebrovascular
events. This study demonstrates a very high prevalence
(52%) of definite or possible cerebrovascular events in
patients with an atrial septal aneurysm. Previous series
reported a frequency of embolic phenomena in only 20%
(15,21).22% (23) and 31% (17) of patients.
The disproportionately high prevalence of cerebrovascu-
lar events in our study may be due to the fact that our
patients represent a highly selected group. More than half
were referred for echocardiography from the department of
neurology because of strong evidence of a cardiac thrombo-
embolic source of the cerebrovascular event. Previous case
reports (6,19-21,24) and the series by Belkin et al. (17,23)
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regarded only a complete stroke as definitely embolic. In our
study, transient ischemic attacks without a positive com-
puted tomographic scan were included in the cardioembolic
group if they were multifocal or associated with peripheral
embolism and if carotid ultrasound study was normal (29)
because it is now generally accepted (42) that the majority of
transient ischemic attacks are embolic in origin.
Another explanation for the unusually high rate of cere-
brovascular events amonR our patients is the routine use of
transesophageal echocardiography in the evaluation of sus-
pected cardioembolic stroke at our institutions. If only
conventional two-dimensional echocardiography had been
performed, atrial septal aneurysm would not have been
diagnosed in three patients with a cerebrovascular event
because of inadequate transthoracic imaging. Routine two-
dimensional echocardiography has been regarded (43-47) as
being of limited value in patients with a cerebral ischemic
event and no clinical evidence of heart disease or arrhyth-
mia. By following these recommendations, transthoracic
imaging would have been withheld in 9 of 12 patients with a
cerebrovascular event. Consequently, the diagnosis of atrial
septal aneurysm would have been missed because it was the
only detectable cardiac abnormality not suspected on clini-
cal grounds in these patients.
It is now widely accepted (25,27,48) that transesophageal
echocardiography is superior to the transthoracic approach
in evaluating patients with a cerebral ischemic event and
arterial embolism. This technique offers substantial advan-
tages, especially in the detection of a thrombus within the
left atrial appendage (49) and the occurrence of spontaneous
left atrial echocardiographic contrast (27). In this study,
except for mitral valve prolapse in one patient, no other
potential cardiac source of embolism could be identified
among 12 patients with a cerebrovascular event despite the
application of transesophageal echocardiography. This fact
supports and strengthens the assumption that atrial septal
aneurysm itself must be regarded as a cardiac abnormality
with thromboembolic potential.
Whereas the detection rate of atrial septal aneurysm
among all transesophageal studies performed is in the range
of 2.1 % (6) to 3%, the prevalence of this lesion increases to
II% if only patients with a cerebrovascular event are con-
sidered. In a recent study (48) of 50 patients evaluated by
transesophageal echocardiography because of a stroke or
transient ischemic attack, the prevalence of atrial septal
aneurysm was reported to be as high as 16%. This finding
lends additional support to the premise that an atrial septal
aneurysm may be associated with an embolic event in a high
proportion of patients.
This retrospective review is biased as a result of patient
selection so that the actual incidence of cerebrovascular
events may be lower than reported here. Only a prospective
study of a larger number of patients can establish the true
incidence of embolic events in patients with this lesion.
Possible mechanisms for embolization. By means of con-
trast echocardiography, Belkin et al. (23) demonstrated
interatrial shunting in 90% of their patients with an atrial
septal aneurysm and in 100% of those with a history of an
embolic event. Paradoxic embolization through an interatrial
communication, therefore. was suggested as the mechanism
for embolic phenomena. By transesophageal echocardiog-
raphy, Nellessen et al. (50) were the first to report impending
paradoxic embolism in a patient with a secundum atrial
septal defect. In the present study, we observed a patient
with an atrial septal aneurysm and recurrent cerebral and
systemic emboli. By transesophageal imaging, a mobile
thrombus extending from the right to the left side of the
interatrial septum could be visualized; other potential car-
diac sources of embolism were absent. This observation is
possibly the first direct clinical evidence that paradoxic
embolization may play an important role in causing embolic
events in patients with an atrial septal aneurysm. However,
this mechanism may not be responsible for all cases because
we were not able to detect an interatrial communication in
every patient with a cerebrovascular event and multiple
fenestrations, which may facilitate paradoxic embolization,
were more frequently found in the group without a cere-
brovascular event.
Another potential mechanism for embolization is primary
thrombus formation within the aneurysm, which has been
observed at autopsy (4) and surgical resection (6). This study
reports the first echocardiographic identification of an aneu-
rysm-associated thrombus from an esophageal transducer
position in a patient without evidence of atrial level shunting
by both Doppler color flow mapping and echocardiographic
contrast imaging.
A previously undescribed finding on transesophageal
images is a marked thickening of the aneurysmal membrane,
which was found predominantly in the patient group with a
history of cerebrovascular events. The reason for this thick-
ening is unknown. It may represent a surface made rough by
small fibrin-thrombus tags (4) or a connective tissue disorder
with myxomatous degeneration of the atrial septum
03,34,51). which may promote fibrin deposition as in mitral
valve prolapse (52,53) and thereby cause microembolization.
Histologic study is required to further clarify this observa-
tion.
Clinical implications. Atrial septal aneurysm must be
regarded as a cardiac abnormality with thromboembolic
potential. Transthoracic echocardiography should be per-
formed in all patients with a cerebrovascular or peripheral
embolic event even without a history of heart disease, and
atrial septal aneurysm should be specifically looked for in
adults because it may be the only detectable cardiac abnor-
mality. If the diagnosis of this lesion can be clearly estab-
lished by transthoracic imaging, a transesophageal study is
not essential for further evaluation because additional find-
ings such as left atrial thrombus or spontaneous echo con-
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trast would not affect patient management. However. in
patients with suspected cardioembolic stroke and nondiag-
nostic or inadequate transthoracic examination. transesoph-
ageal echocardiography is indicated.
Patients with an atrial septal aneurysm and a history of an
embolic event should be treated by long-term anticoagulant
therapy (6,21,23,24), but surgical resection of the aneurysm
may also be considered (6,23). especially in the setting of
repeat embolic events.
We thank Silke Gorlich and Kirsten van Kooten for technical assistance. and
Brigitta Bauer for preparation of the manuscript.
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